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Mathematics, Mechanics, and Astronomy 
Newton (1687), Lagrange (1788), Poincarh (1889) 
September 17-20, 1987 
By Ivor Grattan-Guinness 
Middlesex Polytechnic, Queensway, Enjield, Middlesex EN3 4SF, England 
The British Society for the History of Mathematics held a Conference on the 
above theme at Gonville and Caius College, Cambridge, from 17 to 20 September 
1987. The purpose was to explore the development of mathematics, mechanics, 
and astronomy across the period of the three great events named in the subtitle. 
The meeting was designed not to fix solely on these three figures and their works, 
but to give a more continuous spread of description involving various intermediate 
figures. No proceedings of the conference will be issued, but several speakers will 
be submitting written-up versions of their lectures for publication in the usual 
journals. Below is a series of short summaries of these lectures, in the order in 
which they were delivered at the meeting. 
F. DE GANDT (63, rue Mirabeau, 94200 Ivry, France): “On Mathematical Tools in 
Principia, Book I” 
We find in Newton’s Principia three different levels in the mathematical treat- 
ment of central force. (1) Given some uniform circular motion, the problem is to 
measure the centripetal force directed to the center of the circle, and the law of 
dependence between radius, period, and force. (2) Given any curvilinear orbit, we 
have to evaluate the centripetal force acting on the body and to find its law of 
variation along the orbit. (3) Given a center of force and the law of variation of the 
force as a function of the distance, how are we to determine the motion of a body 
thrown from a given point with a given velocity? 
Mathematical tools required are not the same. In the first case, the geometry of 
the circle is sufficient to measure the deflection or the difference between the 
tangent and the circle. In the second case, one must interpret the deflection as 
the trajectory of an accelerated motion; then its length is proportional to the 
square of the time (according to the generalized law of free fall) and time is 
proportional to the area of the sector. The use of ultimate or nascent ratios is more 
vital at that stage of the theory, and the interplay is more subtle between geometry 
and dynamics. For the third case, force is not represented geometrically, and the 
mathematical devices are closer to the algebro-analytical language of Daniel Ber- 
noulli or Euler. Nevertheless, the solution does not have the completeness permit- 
ted by the integration of differential equations. 
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D. BERTOLONI-MELI (St. John’s College, Cambridge CB2 lTP, U.K.): “Leibniz’s 
Notes on Newton’s,Principiu: A New Historical Discovery” 
This paper concerns the recent discovery of the most extensive commentary 
written by a contemporary on Newton’s Principia. It is in Leibniz’s hand and 
consists of two sets of manuscripts: the notes, which were written in Vienna in 
1688, and the excerpts made in Rome in 1689. The notes are followed in continu- 
ous succession by a series of essays on the theory of planetary motion. Four areas 
particularly attracted his attention: the lemmas on first and last ratios in Book 1, 
Section 1; the notion of force in connection with infinitesimal velocities and accel- 
erations; Proposition 1 as a generalization of the area law; and the role of fluids 
and vortices in the motion of planets and in the origin of gravity. 
J. CROSS (Mathematics Department, University of Melbourne, Parkville, Victoria 
3052, Australia): “Potential Theory from Newton to Lagrange” 
Huygens used gravity to regulate pendulum clocks in an attempt to determine 
longitude at sea. Leibniz formalized these ideas to a conservation of energy 
(height of fall related to speed), and Newton introduced the inverse square law for 
gravity forces. The flow of fluid past ships led d’Alembert to the so-called Cauchy- 
Riemann equations for the complex-velocity potential, which Euler expanded to 
three-dimensional potential flows. Clairaut had applied partial derivatives to get a 
potential for forces and an equation for the shape of the earth. Euler and Lagrange 
applied d’alembert’s complex potential to maps and charts. Lagrange reworked 
Euler’s theory of fluid flow and developed potentials for the gravitational attrac- 
tion of systems of point masses and for extended masses such as spheroidal 
planets and satellites in order to perfect the lunar theory (which involved partial 
differentials under a triple integral). But none of these men derived the Laplace 
equation for the gravitational case, although many of them did so for fluid flow. 
N. GUICCIARDINI (via Polibio 5, 20144 Milan, Italy): “MacLaurin’s Study of 
Ellipsoids” 
One of the main problems of Newtonian science was the determination of the 
shape of the earth. This led to the need to study the attraction of ellipsoids. 
MacLaurin greatly contributed to this topic, in his prize essay for the French 
Acadkmie des Sciences (1740) and his Treatise of Flu-ions (1742). Among other 
results, he introduced the concept of “level surface,” which anticipates the idea 
of equipotential surface. He also exactly calculated the variation of attraction at 
the surface of a homogeneous ellipsoid of revolution, and he began the study of 
confocal ellipsoids. MacLaurin’s work on ellipsoids was very well known on the 
Continent; but his use of geometrical methods soon left his work outdated, since 
the Continentals, such as Clairaut and Euler, were going to use more sophisticated 
mathematical techniques such as line integrals and partial differential equations. 
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E. J. AITON (10, College Avenue, Oldham, Lancashire OL8 4DS, U.K.): “New- 
ton and Euler on the Theory of Tides” 
Newton first proposed a kinetic theory of the tides but tacitly made a transition 
to the equilibrium theory, evidently failing to recognize that the two theories were 
distinct. In his formulation of the equilibrium theory, he took account of the 
attraction of the water in the tidal spheroid, the effect of which is not negligible. 
Euler made two significant original contributions to the equilibrium theory. First, 
he recognized that the horizontal components of the disturbing forces were the 
effective tide-generating forces. Second, he regarded the free surface as an equi- 
potential surface. While Euler substituted a direct analytical approach in place of 
Newton’s argument by analogy, he neglected the attraction of the water in the 
tidal spheroid, which greatly simplified the problem. 
H. PULTE (Ruhr-Universitat Bochum, Gebaude GA 3/162, Universitatsstrasse 
150, 4630 Bochum, West Germany, BRD): “The Least Action Principle in 
Euler and Lagrange” 
The origin and development of the principle of least action in Euler and (to a 
lesser extent) Maupertuis was described, as well as its extension by Lagrange. 
The relationship between “analytical mechanics” and “vectorial concepts” im- 
plicit in Newtonian mechanics was stressed. In addition, emphasis was placed on 
the fundamental difference between the basis of Euler’s mechanics in a certain 
theory of matter and Lagrange’s mathematical instrumentalism. Further, reasons 
were given why Lagrange replaced the principle of least action by the principle of 
virtual velocities in his Mkhanique analitique. 
E. KNOBLOCH (Technische Universitat Berlin, Ernst-Reuter-Platz 7, 1000 Berlin 
10, West Germany, BRD): “Euler and Lagrange on the Three-Body 
Problem” 
Euler studied the three-body problem throughout most of his life. His unpub- 
lished mathematical manuscripts and notebooks prove that he worked on it from 
1730. Remarks concerning this problem are to be found in at least 6 of the 12 
notebooks, all of which were written before 1764. Then Euler became the first 
mathematician who treated the three-body problem for arbitrary bodies taking 
into account certain restrictions: the problem of attraction under two gravita- 
tional centers, and the case of three bodies in a straight line. He discussed these 
problems with Lagrange and d’A1ember-t. Lagrange took them up after Euler’s 
work appeared and partly generalized his results. 
M. PANZA (via Arese 13, 21100 Varese, Italy): “Lagrange’s Mechanics in the 
The’orie des fonctions analytiques” 
It is worth noting that, while the mechanics of Lagrange is presented in his 
Mkhanique analitique (1788) in terms of the principle of virtual velocities and 
variational methods, the treatment of mechanics to the end of his Th&orie &s 
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functions analytiques (1797) is somewhat different, in that certain aspects of 
differential modeling are allowed. The development of Lagrange’s approaches to 
mechanics shows that the version in the later work is not a contradiction of the 
other, but a presentation consistent with the general formulation of ideas. 
T. GUITARD (71, rue de Clichy, 75009 Paris, France): “Le calcul des fonctions de 
Lagrange a Cauchy” 
A survey of the treatment of functions and related topics in analysis was given 
from Lagrange’s Calcul des functions of 1806, through the origins of Cauchy’s 
researches to his published works of the 1820s. Some rather obscure but enlight- 
ening sources reveal a rather different story from that which is usually provided. It 
seems that around 1816 he was motivated to several main themes of his researches 
by singular solutions of differential equations, including refutations of the views 
put forward by Lagrange and Laplace. From this came the idea of successive 
values of functions, approximations to integrals by sums, and the stress on the 
initial values of the variables corresponding to initial conditions upon differential 
equations. Knowing the definition of continuity of a function of several variables 
in 1817, Cauchy was able to understand, as a “well-posed” problem, what is 
indeed called “the problem of Cauchy.” 
J. DHOMBRES (Institut de Mathematiques, 2 Chemin de la Houssiniere, 44072 
Nantes, France): “Textbooks from Lagrange to Cauchy” 
In the first part of the lecture consideration was given to the substantial 
number of textbooks published during the revolution and imperial period (1795- 
1815). Then three particular works were chosen for consideration: Lacroix’s large 
Trait& du calcul diffkrentiel et intPgral(1797-1800), Lagrange’s The’orie de fonc- 
tions analytiques (1797), and Cauchy’s Cows d’analyse (1821). Differences in 
methods of proving the binomial theorem in these various works were chosen as 
an example of the variety of methods then adopted concerning the use(s) of 
functions. 
I. GRATTAN-GUINNESS (Middlesex Polytechnic, Enfield, Middlesex EN3 4SF, 
U.K.): “Laplace and the Me’canique ce’leste” 
The first four volumes of this work appeared in 1799, 1799, 1802, and 1805; a 
further volume appeared in parts between 1823 and 1825. It was reprinted three 
times afterward, twice in the two editions of his works; but the most valuable 
edition is that of Bowditch, with his English translation/edition of 1829-1839. The 
title of the work is somewhat misleading, since it ranges not only over mathemati- 
cal astronomy but also in many areas of planetary mechanics (including lunar 
theory), and certain areas of physics and statistics, which came to have a growing 
interest in the later part of his life. A survey was given of the structure of the book 
and then certain examples were taken as characteristic of its contents: the version 
of lunar theory presented in the work, the achievement of the stability of the 
planetary system (largely stolen out of Lagrange), and the theory of projectiles. 
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P. HARMAN (Department of History, University of Lancaster, Lancaster LA1 
4YG, U.K.): “Maxwell on Lagrangian Dynamics” 
The core of the theoretical argument of Maxwell’s Treatise on electricity and 
magnetism (1873) is the mathematical expression of physical quantities freed from 
their direct representation by mechanical or geometrically visualizable model. His 
use of quaternions, integral theorems, and topology, and his interpretation of the 
Lagrange-Hamilton method of analytical dynamics, build upon his own earlier 
physical and mathematical methods. The talk focused on Maxwell’s discussion of 
the rationale of Lagrangian dynamics, and aimed to clarify his style of mathemati- 
cal physics. 
J. LOTZEN (Department of Mathematics, University of Copenhagen, Universi- 
teits-parken 5, DK-2100 Copenhagen 0, Denmark): “An Unpublished Work 
by Liouville on Potential Theory” 
About one hundred pages in Liouville’s notebook of 1846, in his Nachfass in 
the Bibliothkque de l’lnstitut in Paris, deal with a new approach to potential 
theory of charged surfaces. They are interesting because (1) they contain the 
Rayleigh-Ritz method for finding eigenfunctions some 30 years before Rayleigh’s 
publication; (2) they present a beautiful spectral theory of integral operators more 
than half a century before Ivar Fredholm published his ideas; and (3) they show 
that Liouville discovered the weakness of the Dirichlet problem 24 years before 
Weierstrass published his counterexample. 
B. MORANDO (Bureau des Longitudes, 77 Avenue Denfert-Rochereau, 75014 
Paris, France): “Celestial Mechanics from Laplace to Poincare” 
After the death of Laplace, astronomers devoted themselves to building more 
and more sophisticated theories for the motions of the bodies in the solar system. 
The confidence they had in Newton’s law of gravitation was increased by the 
discovery of Neptune, the position of which was predicted by Le Verrier and 
Adams from the anomalies observed in the motion of Uranus. 
Yet two irritating problems did not find a proper answer at that time. First, Le 
Verrier, and Newcomb after him, showed that the perihelion of Mercury was 
moving faster than was foreseen by taking into account the planetary perturba- 
tions. The answer to this was given in 1916 by Schwarzschild by means of general 
relativity. Second, the secular acceleration of the Moon had only been partly 
explained by Laplace, Plana, Adams, and Delaunay. The problem was solved 
only when it was realized that the Earth, because of tidal friction, does not rotate 
uniformly. 
L. BOI (Maison de la Suede, Cite Universitaire, 75690 Paris, France): “Poincare’s 
Geometrical Conceptions in His Study of the Three Body Problem” 
Poincare showed that most of the series and integral solutions of the equations 
for the problem of three bodies could only be approximate. He also showed that 
the initial conditions of the motions could be chosen so that the solutions could be 
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periodical functions of time. Such solutions corresponded to geodesics on a sur- 
face, and he showed that the result held even if the surface had the form of a 
hyperboloid of two sheets. Poincare obtained these and other results, especially 
his famous recurrence theorem, by drawing on analytical, geometrical, and topo- 
logical techniques from his own previous work and from predecessors such as 
Cauchy, Riemann, Beltrami, Darboux, and others. 
In addition to the lectures, a round table discussion on the themes of the confer- 
ence was held one evening under the chairmanship of C. Kilmister. 
The meeting took place thanks to finances provided by the Royal Society, the 
London Mathematical Society, and the International Commission on the History 
of Mathematics (with funds made available from the International Union of the 
History and Philosophy of Science). 
France-Italian Colloquy Ars Analytica 
September 28-October 2, 1987 
Organized by U. Bottazzini, A. Dahan, J. Dhombres, E. Giusti, and S. Roero 
Centre International de Rencontres Mathimatiques, Luminy, Marseille, France 
The purpose of this France-Italian meeting was to study the “analytic art” from 
Viete to Cauchy and to launch a cooperation between scholars in France and 
Italy. 
De Clavius a Fermat 
P. D. Napolitani: Fra Clavio e Vi&e: diffusione e fortuna dell’ars analytica nell’ 
Italia de1 primo seicento 
C. Garibaldi: Algebristi italiani 1640-1680: M. A. Ricci, Santini, Rinaldini 
E. Picutti: Autour de la methode de la descente infinie de Fermat 
P. Freguglia: Diophante et Vi&e: quelques remarques sur les Zeteticorum Libri 
G. Lachaud: Exactitude et approximation en analyse diophantienne 
D. Fowler: Arithmetic and the birth of mathematical symbolism 
De la geometric au calcul 
A. Brigaglia: Analisi geometrica versus analisi algebrica da Vi&e a Huyghens; 
qualche problema storiografico 
S. Roero: Ars analytica e geometria nella seconda meta de1 seicento 
R. Gatto e F. Palladino: Metodo geometric0 e metodo matematico: 11 dibattito sul 
dualismo analitico/sintetico nella matematica italiana dei secoli diciassette- 
simo e diciottesimo 
